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 Abstract 
Objective: To compare weekday and weekend mortality following detection of AKI.  
Design: A prospective national cohort study, with AKI identified using the Welsh National 
electronic AKI reporting system.  
Setting:  Data was collected for all cases of adult AKI in Wales between 1st November 2013 
and 31st January 2017.   
Participants: Data from 107 298 episodes of AKI was obtained in 77 795 patients.  
Main outcome measures: The primary outcome measure was death within 90 days of AKI 
detection.  
Results: 26 439 (28.8%) patients in whom AKI was detected on a weekday died within 90 
days of the AKI episode, compared to 4551 (31.9%) patients in whom AKI was detected on a 
weekend (RR 1.11, 95% CI 1.08-1.14, p<0.001, HR 1.16 95% CI 1.12-1.20 p<0.001).  There 
was no “weekend effect” for mortality associated with hospital-acquired AKI (HA-AKI).  In 
contrast, weekday detection of community-acquired AKI (CA-AKI) was associated with a 
22.6% (10 356) mortality compared with weekend detection of CA-AKI, which was 
associated with a 28.6% (1619) mortality (RR 1.26 95% CI 1.21 -1.32, p<0.001, HR 1.34 95% 
1.28 – 1.42, p<0.001).  The excess mortality in weekend CA-AKI was driven by CA-AKI 
detected at the weekend that was not admitted to hospital compared with CA-AKI detected 
on weekdays which was admitted to hospital (34.5% vs. 19.1%, RR 1.8, 95% CI 1.69-1.91 
p<0.001, HR 1.03 95% CI 1.88-2.19, p<0.001). Mortality for CA-AKI detected at the weekend 
and subsequently admitted to hospital was associated with lower 90-day mortality (24.8%) 
than CA-AKI detected during the week (28%) and admitted to hospital (RR 1.14 95% CI 1.07-
1.21, P<0.001). 
Conclusions:  The “weekend effect” in AKI relates not to the quality of medical care but 
rather access to in-patient care for patients presenting predominantly to hospital 
emergency departments with AKI at the weekend, a disproportionate amount of which are 
discharged with severe AKI.  
 
What this study adds 
Section 1: What is already known on this subject 
Data describing the weekend effect reflect an excess mortality in patients admitted to hospital at the 
weekend.  The cause of this effect remains the subject of debate and controversy.  To date it is not 
clear if a weekend effect extends beyond hospitalised patients.    
 
Section 2: What this study adds 
Acute kidney injury in the majority of cases occurs secondary to significant systemic illness and its 
severity is easily quantified by the magnitude of increase in serum creatinine.  Using a data set of 
over 100 000 episodes of AKI we have described the variation in mortality across both hospital and 
community based services.  Whilst AKI is associated with a “weekend effect” this is primarily driven 
by a cohort of community acquired AKI, which present to emergency departments at the weekend 
with severe AKI (Stage 2/3) but who are not admitted to hospital.  The data suggest that access to in-
patient services at the weekend may contribute to weekend associated excess mortality.   
 
 
 
  
Introduction 
Concern about increased mortality related to weekend hospital admission is currently the 
subject of much debate.  The so called ‘weekend effect’ describes a greater mortality for 
patients admitted to hospital at the weekend than patients admitted on weekdays.  This 
effect has been described in large national and international studies of elective 1, 
emergency 2 3 and all admissions to hospital 4 5, although there is evidence to suggest that 
the weekend effect might be specific to some diagnoses and procedure groups only 6. An 
assumption that excess weekend deaths are the direct result of current patterns of work 
have fuelled political debate and the argument for the need for organisational change to 
increase service provision on weekends, and provide “expanded seven day services”.  
Recent studies however have suggested that the interpretation of the weekend effect are at 
least in some part explained by data artefact resultant from inconsistent coding and 
associated weaknesses in administrative data which cast doubt on the use of measures such 
as hospital standardised mortality rates 7 8.  A second concern is the weekend effect may 
also in part reflect failure to consider the severity of acuity of patients’ illness 9.  Finally 
studies describing stroke outcome, using sophisticated adjustment for case mix found no 
weekend effect, suggesting insufficient consideration of comorbidity may have contributed 
to previously reported weekend effects in stroke outcome 10, and cast doubt that the effect 
is directly related to medical staffing levels 11.  Of note, studies using specialist clinical 
databases for specific diseases or clinical departments, which include clinical and 
physiological data, have found little or no significant difference by day of admission10 12.  
 
Acute kidney injury (AKI) is a clinical syndrome characterised by rapid loss of kidney function, 
and is associated with adverse patient outcomes 13-17.  AKI may arise as an isolated problem 
related to intrinsic kidney disease, however in the majority of cases it occurs in the setting 
of circulatory disturbance associated with severe illness, trauma or surgery.  AKI therefore 
represents a complication of a wide spectrum of acute illness.  AKI is estimated to occur in 
up to 15% of hospitalised patients and up to 60% of critically ill patients 14 15 18. Based on a 
presumption that early identification may facilitate appropirate of care and improve patient 
outcomes, an automated real time e-alert system for AKI based on the Kidney Disease: 
Improving Global Outcomes (KDIGO) change in creatinine diagnostic criteria has been 
established and implemented nationally across all areas of the National Health Service in 
Wales, and the other home countries of the United Kingdom.  Using the electronic AKI alert, 
we have developed a centralised data collection system to provide a comprehensive 
characterisation of the incidence of AKI identified by an electronic alert, and its outcome in 
Wales 19-21.  
 
In this manuscript we have used this data set to evaluate the “weekend effect” and AKI 
associated mortality for all cases of biochemically defined AKI across both hospital and 
community settings.  The use of a creatinine-based definition therefore avoids 
inconsistencies related to coding and also allows a subjective measure of diseases severity 
using agreed AKI staging criteria.   
 
Methods 
The study was approved under Service Evaluation Project Registration.   
Electronic Reporting of AKI:  
The previously described (and validated) Welsh electronic AKI reporting system 19 22, utilises the 
Welsh Laboratory Information Management System (WLIMS), (InterSystems TrakCare Lab) to 
automatically compare in real time measured creatinine values on an individual patient against 
previous results.  This generates electronic AKI alerts, derived from a nationally agreed algorithm 
based on KDIGO AKI criteria 23. 
Data Collection:  
Data was collected for all cases of adult (≥18yrs of age) AKI in Wales between 1st November 2013 
and the 31st January 2017, and organised into day of the week.  The days of the week were divided 
into two groups: Weekdays (Monday to Friday), and Weekends (Saturday and Sunday). All bank 
holidays were excluded from analysis.  Clinical location, patient age, AKI stage and the rule under 
which the AKI alert was generated was collected together with all measurements of renal function 
for up to 30 days following the AKI alert. To prevent inclusion of known patients receiving renal 
replacement therapy, alerts transmitted by patients from a renal, renal transplant, or dialysis setting, 
and by patients who had a previous blood test in a dialysis unit were excluded.  
 
Mortality data were collected from the Welsh Demographic Service 24.  
 
Data analysis:  
All patients for which the first alert was issued during a hospital admission who also had a normal 
serum creatinine (SCr) value generated in a hospital setting within the preceding seven days were 
defined as Hospital acquired (HA)-AKI. Patients alerting in a non-inpatient setting (including Accident 
and Emergency/Acute assessment units) and not alerting in primary care were classified as non-
primary care community acquired (CA)-AKI.  Primary care and non-primary care CA-AKI therefore 
collectively represent CA-AKI.  Hospitalisation of CA-AKI (Admitted CA-AKI) was defined as a 
measurement of renal function in a hospital setting within 7 days following the AKI e-alert.  13478 
(12.6%) patients whilst alerting in an in-patient setting had no results for the previous 7 days.  As 
these patients did not therefore fall into either CA- or HA- definitions, they were excluded from the 
subgroup analysis.   
An incident AKI episode was defined as 30 days i.e. any AKI e-alert for the same patient within 30 
days the incident alert was not considered a new episode.  Progression of AKI was defined as a peak 
AKI stage higher than that associated with incident e-alert or for stage 3 alerts an increase ≥50% 
from the SCr generating the alert. Pre-existing chronic kidney disease was defined as an eGFR 
(calculated by CKDEpi eGFR formula25) <60ml/min/1.73m2 derived from the baseline SCr.  Admission 
to ICU was defined as a blood test taken in an ICU setting within 7 days of the alert. 
 
Statistical significance was determined by one-way ANOVA, student t test and Chi2 test as 
appropriate. The influence of age, sex and pre-existing CKD on AKI incidence was assessed by Cox 
logistic regression.  P values less than 0.05 were considered statistically significant. 
 
Results 
Analyses included a total of 107 298 episodes of AKI in 77 795 patients.  Substantially fewer 
episodes of AKI were detected on weekends than on weekdays.  Average daily weekday AKI 
incidence represented 17.3% of the weekly total compared to the average daily weekend 
incidence of 6.7% (p<0.001).  Mortality data was available for 106 227 AKI episodes, in 
which there were 30 990 (29.2%) deaths within 90 days of the AKI episode.  26 439 (28.8%) 
patients in whom AKI was detected on a weekday died within 90 days of the AKI episode, 
compared to 4551 (31.9%) patients in whom AKI was detected on a weekend (RR 1.11, 95% 
CI 1.08-1.14, p<0.001, by linear regression HR 1.16 95% CI 1.12-1.20 p<0.001).  There was no 
difference in patient demographics in terms of sex or pre-existing CKD between the 
weekday and weekend groups, although the weekend cohort was marginally younger.  
Severity of AKI as assessed by AKI stage at detection was no different between the two 
groups.   
 
AKI may present either in patients who are already in a hospital setting, Hospital acquired 
(HA-AKI) or in patients outside a hospital setting, Community acquired (CA-AKI).  41 794 
episodes (39.0%) of AKI represented HA-AKI and 52 016 (48.5%) episodes represented CA-
AKI.  13 704 AKI episodes occurred in an inpatient setting but as no results were available 
for the previous 7 days it was not possible to confidently classify these as either CA- or HA-
AKI and these were excluded from the subgroup analyses.     
 
For HA-AKI the average daily weekday AKI incidence represented 17.0% of the weekly total 
compared to the average daily weekend incidence of 7.5% of the weekly incidence 
(p<0.001).  There was no “weekend effect” for mortality associated with HA-AKI.  90-day 
mortality associated with HA-AKI detected on the weekend represents 2131 patient deaths 
(34.4%) compared with 12 523 deaths (35.5%) in HA-AKI detected on a weekday. There was 
no difference in patient demographics in terms of sex or pre-existing CKD between the 
weekday and weekend HA-AKI groups, although the weekend cohort was significantly 
younger.   Severity of illness at presentation as assessed by AKI stage at presentation was no 
different in those presenting on a weekend (AKI1: 83.9%, AKI2/3; 16.1%) compared to a 
weekday (AKI1: 82.7%, AKI2; 17.3%).  
 
CA-AKI detected at the weekend was associated with a significantly higher 90-day mortality.  
Weekday detection of AKI was associated with a 22.6% (10 356) mortality compared with 
weekend detection of AKI which was associated with a 28.6% (1619) mortality (RR 1.26 95% 
CI 1.21 -1.32, p<0.001, by regression HR 1.34 95% 1.28 – 1.42, p<0.001).  There was no 
difference in patient demographics in terms of age, sex or pre-existing CKD between the 
weekday and weekend CA-AKI groups.  At the weekend there was a significantly higher 
proportion of AKI 2/3 (28.5%) compared to weekdays (15.6%, P<0.001).  By Cox regression 
AKI stage 2/3 was associated with higher hazard of death (AKI 2/3 versus AKI 1; HR 2.15, 
95% CI, 2.07-2.23, p<0.001). Weekend CA-AKI associated mortality adjusted for AKI stage 
remained associated with a higher hazard of death compared to weekday CA-AKI (HR 1.31, 
95% CI, 1.25-1.38, p<0.001). 
 We have previously demonstrated that the majority of CA-AKI is not admitted to hospital 19 
20 26.  In order to further understand the weekend effect in AKI we examined the influence of 
hospital admission on mortality in CA-AKI. CA-AKI was associated with hospital admission in 
42% of episodes.  
 
Mortality for CA-AKI detected during the week and subsequently admitted to hospital was 
associated with a higher 90-day mortality (28%) than CA-AKI detected during the weekend 
(24.8%) and admitted to hospital (RR week vs weekend: 1.14 95% CI 1.07-1.21, P<0.001).  
Severity of illness assessed by AKI stage at presentation was greater for admitted CA-AKI 
detected on weekdays (AKI1: 63.6%, AKI2/3; 36.4%) compared to admitted CA-AKI detected 
at the weekend (AKI1: 68.2%, AKI2/3 31.8%, p<0.001). By Cox regression weekday CA-AKI 
associated mortality in the admitted cohort, adjusted for AKI stage remained weakly 
associated with a higher hazard of death (HR week vs weekend: 1.08, 95% CI, 1.01-1.15, 
p=0.02). 
 
CA-AKI may be detected in either primary care or at the hospital front door (Accident & 
Emergency or Acute Assessment units).  On weekend days 96.2% of CA-AKI was detected at 
the hospital.  Within this group for those admitted 98% had a repeat measurement of renal 
function in a ward setting within an average of 36hours suggesting that these patients were 
admitted on the day of AKI detection (i.e. weekend admission).    
 
Non admission of CA-AKI detected at the weekend was associated with a significantly higher 
mortality than non-admission of CA-AKI detected on weekdays (34.5% vs. 19.1%, RR 1.8, 
95% CI 1.69-1.91 p<0.001, HR 2.07 95% CI 1.92-2.24, p<0.001).  The proportion of all CA-AKI 
detected at hospital, increased at the weekend (96.2% vs. 64.8%, p<0.001).  At the weekend 
the proportion of CA-AKI admitted to hospital was also significantly higher compared to 
weekday AKI (61.3% vs. 39.9%, p<0.001).  There was however a greater proportion of AKI 
stage 2 and 3 in the CA-AKI non-admitted patients in whom AKI was detected at the 
weekend (weekend AKI 2/3; 23.2% vs. weekday AKI 2/3, 10.0%, p<0.001).  Weekend AKI 
associated mortality, adjusted for AKI stage, in non-admitted CA-AKI however remained 
associated with a higher hazard of death compared to the weekday group of CA-AKI who 
were not admitted (HR 2.03, 95% CI, 1.88-2.19, p<0.001). 
 
For CA-AKI patients who are not admitted to hospital we have previously reported that a 
significant proportion of patients have no repeat measurement of renal function and that 
the time to repeat for those who do have a check of renal function is significantly delayed.  
The adverse effects of weekend detected CA-AKI in the non admitted group could not 
however be explained by differences in follow up care.  The proportion of those with repeat 
blood test was significantly higher in non-admitted CA-AKI weekend AKI to the non-
admitted CA-AKI weekday patients (34.3% vs. 31.3%, p=0.004).  In addition, for those who 
did have a repeat measurement of renal function the time to repeat was significantly less in 
the weekend CA-AKI non-admitted group (5.7±7.2 days vs. 8.8 ± 7.7 days, p<0.001). 
 
Discussion 
Principal  findings 
This study demonstrates that AKI detected at the weekend is associated with increased risk 
of death within 90 day of the AKI episode.  Whilst this effect is apparent across all cases of 
AKI closer scrutiny of the data demonstrates that his effect is driven by the excess mortality 
associated with AKI detected in the community which is not admitted to hospital.  Within 
this cohort it is significant that there is a higher proportion of AKI stage 2 and 3 which 
predominantly present to hospital emergency departments where their AKI is highlighted by 
an electronic alert, but who are subsequently discharged to the community.  Previously we 
have demonstrated that poor outcome for non-admitted CA-AKI is associated with 
inadequate follow up in terms of measuring renal function 19 20.  This study confirms that a 
significant proportion of CA-AKI who are not admitted to hospital have no further 
measurement of renal function and for those who do have a subsequent measure of renal 
function following reporting of AKI, there is a significant delay. These deficiencies however, 
apply equally to non-admitted CA-AKI detected on weekdays and weekends.   
 
It is of note that at the weekend a greater proportion of CA-AKI presents to the hospital and 
whilst a greater proportion of this is admitted at the weekend there is a cohort of patients 
with significant AKI (stage 2/3) which are not being admitted.  The weekend associated 
mortality therefore reflects a cohort of patients with more severe AKI whom are discharged 
to the community.  
 
In contrast AKI acquired in hospital or in the community and admitted to hospital does not 
demonstrate this “weekend effect” of excess mortality.  Furthermore, for patients with CA-
AKI who are admitted, weekend detection and admission of AKI is associated with improved 
mortality.  These data therefore demonstrate that a weekend effect in AKI is not a reflection 
of the quality of in-hospital care.   
 
Collectively the data suggests that the weekend effect in AKI relates not to the quality of 
medical care but rather the access to in-patient care for patients presenting predominantly 
to hospital emergency departments with AKI at the weekend, a disproportionate amount of 
which are discharged with severe AKI.   
 
Strengths and Weaknesses and relation to other studies 
Whilst many studies have confirmed excess mortality associated with the “weekend effect”, 
concern has been expressed regarding interpretation of the cause of these reported 
observations 27 28.  Criticism of interpretation of previous published studies describing the 
“weekend effect” highlight issues related to coding inaccuracies and objective measures of 
disease severity.  A strength of our study is its accuracy is not dependent on coding but 
rather on objective measureable changes in serum creatinine.  The diagnostic criteria for AKI 
is based on internationally accepted definitions which also allows staging of AKI severity 
based on the magnitude of the changes in creatinine thus providing a direct and objective 
measure of disease severity.   
 
The use of a national data set which collects data on every episode also allows capture of 
data across the whole of the health community and therefore includes information on both 
hospitalised and patients “managed” in the community.  This approach therefore allows us 
to examine the interface between community and hospital services.  This approach 
highlights a novel aspect of the “weekend effect” as the disparity in patient mortality is 
highest in patients diagnosed with AKI predominantly at the hospital “front door” at the 
weekend but who are not admitted to hospital.   
 
Although this study uses a novel approach to address the “weekend effect” it is limited by 
the use of a biochemistry based data set.  The data therefore lacks clinical context beyond 
the presence of pre-existing CKD, the detail of the cause of AKI and the cause of death.  In 
addition, there is no linkage to primary care data sets and therefore the clinical response 
cannot be captured.  Finally, the diagnosis of AKI is made by comparing measured creatinine 
values on an individual patient against the patients’ previous results, to generate alerts.  
This approach does consequently precludes the inclusion of the first presentation of AKI in a 
patient with no previous blood test on the system.   
 
Implications for clinicians and policymakers 
The results suggest that the “weekend effect” in AKI not associated with quality of care but 
access to care. The lack of effect of weekend detection of AKI on patient mortality for 
admitted CA-AKI and improved outcome for HA-AKI suggest no inequity of hospital based 
care at the weekend, and therefore unlikely to be related to current models of medical 
staffing.  In contrast the study suggests that AKI associated weekend effect relate to 
changing patterns of admission for CA-AKI at the weekend.  This is consistent with previous 
studies which suggest a higher Accident and Emergency admission threshold at weekends 9.  
Possible explanations for this include an inappropriate delay in hospital discharge at 
weekends leading to pressure on in-patient beds 29 and reduced availability of primary care 
services 9 resulting in a greater proportion of CA-AKI presenting directly to hospitals at the 
weekend.   Recent data suggest that a 7-day team-based model of care improves patient 
flow and weekend discharges 30 and increased access to primary care which significantly 
reduces the weekend workload in A&E departments 31.  
 
Unanswered questions and future research 
Whilst the data suggests that improvement in availability of primary care and increasing 7-
day access to the services required to facilitate safe discharge, more research is needed to 
assess the impact of such radical and costly measures.  In addition, the explanation for the 
observed failure to admit patients with significant AKI disproportionately at the weekend 
remains speculative.  Introduction of electronic AKI alerts was proposed as a means of 
highlighting high risk patients to clinicians based on a presumption that early identification 
may help raise standards of care and improve patient outcomes.  Despite this we have 
highlighted that a significant cohort of patients with severe AKI were discharged with no 
appropriate follow up care in place, and that this was more apparent at the weekend.  
Although automated alerts have recently emerged as a major instrument to influence 
clinician behaviour our findings are consistent with previous data suggesting an electronic 
alert system for acute kidney injury did not improve clinical outcomes among patients in 
hospital32.  Further work is therefore required to develop strategies which reinforce the 
alert to change clinician behaviour.   
 
In conclusion we suggest that inequity of access to appropriate in-patient health care 
services at the weekend underlies AKI associated weekend effect on patient mortality, and 
this should therefore be taken into account by academics and policy makers when designing 
and testing proposed equitable care delivery models throughout the week and weekend.     
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